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Abstract 
In the context of Water Framework Directive, we intend to develop a hydromorphological typology oriented toward 
the stability of river channels. Based on recent topographic profiles and on the maps drawn in the late 1970s, several 
parameters of the bankfull stage are computed: the ratio between the maximum depth and the height of the lower 
bank, the ratio between the channel width and its mean depth, the river competence, and the specific stream power. 
This methodo
different stability under the present conditions: unstable channels susceptible to evolve laterally and vertically; 
unstable channels susceptible to evolve sideways; and moderately unstable channels. Each of these types includes 
sub-types differentiated by river competence and sub-sub-types described by channel pattern and characterized by 
specific stream power. The study confirms the idea that the sinuous channels of the Carpathian streams and the 
braided channels specific to the Sub-Carpathians and piedmont plains are susceptible to evolve rapidly, whereas the 
meandering channels belonging to the lowlands of the Romanian Plain have a slower evolution. Beyond this overall 
picture, the typology leaves room for identifying some particularities due especially to human interventions. 
Therefore, in perspective, the analysis of hydromorphological features needs to rely also on historical studies.  
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1. Introduction 
Rivers in a natural state are free to adjust their form and features to both system-scale drivers and local 
conditions [1]. Their ability to transport water and sediment produced by the watershed in such a manner 
that they maintain their dimension, pattern and profile in the present climate is called stability [2]. Among 
other functions, the stability is generally considered to be favourable for the ecological systems [3]. 
Therefore it is interesting to analyse it in the context of the Water Framework Directive 2000/60/EC [4], 
which relates, among others, the ecological state of the rivers to their hydromorphological features and to 
human pressures; the good state means a less anthropogenic influence. This legal document uses 
typologies as methods to evaluate them for large study areas. 
Classifications of the watercourses based on hydromorphological criteria had already been raised up in 
the United States [2, 5, 6, 7] and Great Britain [8]. The interests in the field increased in Europe after the 
promulgation of this legal text and due to the necessity of each member state to establish such oriented 
typologies [9, 10, 11, 12, 13, 14]. The Romanian national typology distinguishes river types in relation to 
the physiographic units (i.e. parameters: ecoregion, 
and amount of precipitation, mean annual and 95% confidence specific discharge, lithology and mean 
gradient of the thalweg). It lists separately the human pressures on the hydrosystem [15]. 
(2009) [16] considers that the hydromorphological parameters are not sufficiently integrated in the 
process of establishing the ecological state of the rivers.    
Therefore we intend to develop a t
oriented towards its stability. We follow three steps: 1) we choose demonstrative criteria for channel 
stability; 2) we build a hierarchical typology based on these criteria; 3) we apply this typology on a study 
area.  
2.  Methods 
2.1. Study area 
This paper focuses e.g. 10 350 km²; mean altitude: 327 m; 
vertical difference: ~2 300 m; mean discharge of the main river upstream to the confluence: ~32 m3/s) 
River Watershed (e.g. 5 264 km²; mean altitude: 479 m; vertical difference: ~1 800 m; 
mean discharge of the main river upstream to the confluence: ~29 m3/s) [17, 18]. They are developed on 
several physiographic units, which explains the heterogeneity of the natural conditions influencing the 
flow (i.e. geology, morphology, climatic conditions, vegetation and soils). These units are the Carpathians 
(mostly the Curvature Carpathians), the Sub-Carpathians and the Romanian Plain, the latter also 
displaying a higher division (100  300 m) developing on piedmont deposits. The Carpathians are made 
of flysch deposits, the Sub-Carpathians of molasse and the Romanian Plain of gravel and sands, i.e. soft 
rocks, less resistant to mechanical erosion. For this reason, the highest water loads occur in the region of 
Curvature Carpathians [19], with a maximum in the Sub-Carpathians [20]. As far as the present dynamics 
of tectonic blocks is concerned, during Holocene, according to the map developed for the Romanian 
experiences vertical crustal movements, both positive and negative. The positive ones have values 
between 1 mm/a near the Dridu Reservoir and 4  5 mm/a in the Carpathians. The negative vertical 
crustal movements affect the east by northeast side of the Romanian Plain, in the vicinity of the junction 
between the Siret and the Danube, and have values of -3/-4 mm/a [21]. The longitudinal profiles of the 
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rivers draining the Curvature Carpathians are in a transient state of disequilibrium as a consequence of the 
recent emersion of the chain [22, 23]. The neotectonic movements, with different directions and 
intensities, may be hold responsible for a certain extent of the channel dynamics at a geological scale of 
time [24
dams: Moroeni (since 1954), Pucioasa (since 1974), Bolboci and Dridu (since 1988) on 
5, 26, 27] (Fig. 1). Most of the 
river engineering works (e.g. revetments, dykes and low head dams) are placed in the cities and close to 
bridges crossing the rivers. According to some previous studies [28, 29, 30], the river channels within the 
two investigated catchments migrate sideways and experience strong incision, which may expose the 
bridges that cross over them, the roads and the walkways or even the adjacent settlements. This evolution 
seems to be characteristic for the majority of the river channels crossing the Eastern Carpathians [31].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. watersheds in Romania. Dams: A: Bolboci; B: Moroeni; C: Pucioasa; D: 
Dridu; E: Paltinu; F:  
2.2. Cross profiles and stability criteria  
For the purpose of this paper, the channel is spatially defined by the bankfull stage, which can be 
delimited on the basis of topographic and vegetation criteria. On the cross profiles, the bankfull stage 
corresponds to a significant knickpoint and/or to the transition from bare sediment to vegetation. If the 
two banks are asymmetric, one must take into account the level of the lower one. We analyse 32 cross 
profiles adjacent to the gauging s
Cricovul Dulce and Prahova for the former; Azuga, Teleajen and Cricovul 
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ed to the  
Basin Water Administration (BIBWA).  
Our investigation focuses on the riverbed, the banks and the water flow, that we analyse based on 
synthetic and prescriptive parameters. One of these is the ratio between the maximum depth and the 
height of the lower bank (dhr; eq. 1); the base of the bank corresponds to the beginning of the riverbed, 
i.e. to a knickpoint that can be seen on the cross profile. This parameter may point at the vertical stability 
of the channel [32]. Given the fact that it takes into account only the maximum depth and overlooks the 
mean depth, it is hard to judge if some places are affected by incision and others by aggradation or if there 
is a general tendency of incision across the entire channel. The same author establishes four classes of 
stability, as follows: stable (1<dhr<1.05), i.e. with low potential for vertical evolution; moderately 
unstable (1.05<dhr<1.3); unstable (1.3<dhr<1.5); and highly unstable (dhr>1.5), therefore having a high 
potential for vertical evolution. 
dhr = dmax hbank-1                                                                                                           (1) 
where dhr is the ratio between the maximum depth and the height of the lower bank, dmax (meters) is 
the maximum depth, and hbank  
Another parameter is the ratio between the channel width and its mean depth (wdr), expressed in eq. 2; 
the mean depth of the channel is computed as the ratio of its area and its width (eq. 3). Based on it, one 
author mentioned above separates the following four classes of stability: stable (wdr<8), with low 
potential for lateral evolution; moderately unstable (8<wdr<15); unstable (15<wdr<25); and highly 
unstable (wdr>25), with high potential for lateral evolution.  
     wdr = wdmean-1                                                                                                                               (2) 
      dmean = Aw-1                                                                                                                                         (3) 
mean 
 
The channel shape in plan view is given by the sinuosity and braiding indices [5], computed on 
topographic maps of scale 1:25 000 (developed based on the topographic surveys accomplished in the late 
1970s), for reaches no longer than 2 km long and distributed upstream and downstream the gauging 
stations. The sinuosity index (Si) is expressed as the ratio between the thalweg length and the distance 
separates straight channels (Si<1.02), sinuous channels (1.02<Si<1.4) and meandering channels (Si>1.4). 
In this study, the braiding index is the sum of the lengths of all branches divided by the length of the main 
arm. In the case of this index, the results are not always conclusive because of the representative fraction 
of the maps, but they still allow the delimitation of braided reaches when the index values are higher than 
1. However, the braiding index is not proper for establishing the channel patterns having several 
branches, because both the braided channels [5] and the wandering ones (with common features between 
braided and meandering patterns [34]) have unstable alluvial bars devoid of vegetation. 
The transport competence of the channel is assimilated to the granulometry of the biggest particles that 
can be carried away at bankfull stage. In order to estimate this parameter one has to compute the shear 
stress that engages in motion the sediment particles [35]. This is done starting from the hypothesis that 
this movement is uniform and it depends on gravitation, volumetric mass of the water, hydraulic radius 
and water surface gradient, which in this case is assimilated with the gradient of the thalweg (eq. 4 and 5). 
The maximum diameter of the particles that can be displaced depends on the shear stress, gravitational 
acceleration, and the density of water and sediment according to eq. 6 [36]. The resulted granulometric 
values are classified according to Wentworth scale [37]. This study takes into consideration only two 
classes: the medium competence corresponding to pebbles (very fine: 2  4 mm; fine 4  8 mm; medium 
181 Gabriela Ioana-Toroimac et al. /  Procedia Environmental Sciences  14 ( 2012 )  177 – 187 
8  16 mm; coarse 16  32 mm; and very coarse 32  64 mm) and the high competence corresponding to 
cobbles (64  256 mm) and boulders (>256 mm). 
wgRS                                                                                                                                         (4) 
w is the water density that is equal to 1000 kg/m3 for sediment-
free water, g is the gravitational acceleration equal to 9.8 m/s², R (meters) is the hydraulic radius, S 
(m/km) is the gradient of the thalweg.   
R = AP-1                                                                                                                                                                                   (5) 
where R (meters) is the hydraulic radius, A (m2) is the cross-sectional area taken into account and P 
(meters) is the wetted perimeter. 
Dmax -1 s    w)-1                                                                                                               (6) 
where Dmax 
shear stress, g is s is the density of silica that is equal to 
2650 k/m3 w is the water density that is equal to 1000 kg/m3 for sediment-free water.  
The stream power represents the potential energy loss rate per unit length of the channel; the way in 
The channels response to discharge alterations or to the variations of bedload amounts requires energy 
consumption, for which stream power is considered a relevant variable for channel stability analysis. 
Stream power is the product of gravitational acceleration, water volumetric mass, discharge and water 
surface slope (eq. 7) [38]. Specific stream power is the ratio between stream power and channel width 
(eq. 8) [39]. The distribution of stream power over the unit area allows the employment of this variable in 
comparative studies [40] and for hydromorphological typologies in the context of the Water Framework 
Directive [9]. In these relations, the slope is assimilated to the thalweg gradient, computed on the basis of 
topographic maps, while the considered discharge corresponds to the bankfull stage. By discharge, we 
understand the product between the cross section area and the water mean velocity. The mean velocity is 
computed by using the Manning formula (eq. 9) [41]. In this equation, roughness coefficient is estimated 
based on the existing tables relying on the information on riverbed granulometry marked on the edge of 
the cross profiles developed by BIBWA [42]. The results obtained must be cautiously interpreted, 
because the roughness coefficient estimated in this way ignores both the disposition of sediments on the 
riverbed and the vegetation influence. When applying the Manning equation the best results are obtained 
for gravel beds or rippled medium/fine sand beds, but not for dune beds or the shallow flows over gravel, 
cobbles or boulders [43]. In order to get a clear picture on the values and significance of stream power 
one should bear in mind that the values less than 35 W/s² correspond to the watercourses with slow 
evolution (on a temporal scale of 30 years), while those lying above this threshold correspond to the 
rivers with rapid dynamics (on a temporal scale of 10 years) [44].   
                                                                                                                    (7) 
stream power is the water density that is equal to 1000 kg/m3 for 
sediment-free water, g is the gravitational acceleration equal to 9.8 m/s², Q (m3/s) is the bankfull 
discharge, and S (m/km) is the gradient of the thalweg.  
-1                                                                                                                                          (8) 
width of the river channel. 
Q = Av = AkR0.67S0.5n-1                                                                                                               (9) 
where A (m2) is the cross-sectional area, v (m/s) is the mean velocity, k is a constant equal to 1 in the 
International System of Measurements, R (meters) is the hydraulic radius equal to the ratio between 
cross-sectional area and wetted perimeter, S (m/km) is the gradient of the thalweg and n is the roughness 
coefficient. 
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3.  Results 
We separate t
very much alike to the present ones. Type A is represented by channels with high lateral and vertical 
instability (i.e. unstable and highly unstable classes). Type B is represented by channels with high lateral 
instability (i.e. unstable and highly unstable classes) and moderate vertical instability. Type C 
corresponds to the channels with moderate lateral and vertical instability. We distinguish the sub-types by 
channel competence. We establish the sub-sub-types by their sinuosity and braiding indices (braided and 
wandering channels; sinuous channels; and meandering channels), which emphasize how the energy 
dissipates. We characterize the sub-sub-types 
originating in the Carpathians belong to types C and A (Fig. 2), have generally high competence, sinuous 
or braiding channels and important specific stream power (i.e. ; Table 1), therefore they are 
 
 
Table 1.Gauging stations taken into account in the hydromorphological typology: main features related to the watershed (F: 
watershed area; Hmean: mean altitude of the watershed, according to [45]), date of the cross profiles and detail on two parameters 
(transport competence expressed by maximum diameter Dmax of the particle that can be moved by a mean velocity at the bankfull 
stage and specific  
N° Watershed River Gauging station F (km²) 
Hmean 
(m) 
Parameters from the cross profile 
Date 
(yyyy/mm/d) 
Dmax 
(mm) 
 
(W/m²) 
1 
 
 Moroeni 264 1359 2005/03/16 357 729 
2   686 896 2009/07/28 65 199 
3   901 761 2009/10/09 17 53 
4   4650 633 2009/09/09 16 42 
5   6265 490 2009/10/02 8 11 
6  Slobozia 9154 364 2009/09/25 10 25 
7 Cricovul Dulce  513 408 2008/04/15 26 49 
8 Azuga Azuga 83 1364 2008/03/19 188 756 
9 Prahova  141 1272 2006/09/23 81 383 
10 Prahova Câmpina 476 1106 2006/01/16 95 710 
11 Prahova Halta Prahova 984 994 2006/02/27 17 69 
12 Prahova Adâncata 3682 549 2006/01/05 3 7 
13   42 519 2008/04/03 64 202 
14 Teleajen Cheia 39 1265 2008/03/28 312 1532 
15 Teleajen Gura Vitioarei 491 896 2008/04/15 98 448 
16 Teleajen M.  1434 540 2008/04/07 24 55 
17 Cricovul  Cioranii de Sus 596 300 2008/02/08 26 60 
18 
 
 V  113 1093 2001/08/16 333 1210 
19   360 939 2001/09/12 79 364 
20  Nehoiu 1549 1020 2009/09/24 43 135 
21   2273 886 2009/09/03 84 552 
22   3980 670 2009/09/08 11 28 
23   5240 530 2010/10/27 2 6 
24 Bâsca  111 1252 2009/07/26 23 54 
25 Bâsca Varlaam I 424 1142 2009/09/24 97 555 
26 Bâsca Bâsca Roziliei 759 1108 2009/09/24 149 1161 
27  Varlaam II 235 1171 2009/09/24 142 880 
28 B. Chiojdului Chiojdu 114 896 2004/11/25 71 258 
29   85 937 2010/09/06 33 64 
30   401 595 2010/10/27 20 75 
31  Costomiru 39 498 2010/08/27 23 87 
32   193 342 2010/11/26 52 169 
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Fig. 2. Channel watersheds. A) Channel types (A: unstable; B: laterally 
unstable; C: moderate unstable) and physiographic units (I: Carpathians; II: Sub-Carpathians; III: piedmont sub-units of the 
Romania Plain; IV: lowland sub-units of the Romanian Plain; the boundaries rely only on the altitude criterion). The gauging station 
BIWBA; b) Recent migration of the channel (1: River channel; 2: Shrubs; 3: Forest; 4: Village; 5: Road; data from 1980 
topographic maps and 2010 aerial photos) 
When crossing the Sub-Carpathians and piedmont plains, the channels belong mostly to types B and 
A, whether they have medium or high competence; they begin to braid and reach high specific stream 
passing through a transition section with sinuous channels (i.e. type C
W/m²), the rivers enter the lowlands of the Romanian Plain. In these areas, the channels belong to all 
three types (A, B, C), have medium competence and are meandering; whether the meanders are very or 
moderate unstable, the pace 
75% of all the case studies have unstable channels and 25% have moderate unstable channels. The 
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stability types are not uniformly distributed in the study area. There are no stable channels among the 
 
4. Discussion 
4.1.  
 The results highlight the common features of the river channels crossing the Carpathians, the Sub-
Carpathians and the piedmont area, and the lowlands of the Romanian plain. Beyond this overall picture, 
the typology leaves room for identifying some particularities. For example, Teleajen channel at Moara 
siographic unit, because it is 
unstable both vertically and sidewise. We discuss this particularity starting from the recent history of this 
reach. The river channel had a wandering and meandering pattern in the late 1970s. This suggests a 
fluvial metamorphosis process [46
construction. Consequently, the river had abandoned a part of its active channel, invaded by riparian 
protect the community, the channel was diverted from its natural course and the ancient channel was 
afforested. Even if the two channels have the same generally bed structure, it is not recommended to 
compare their depth, because the ancient one might have been partially covered by alluvium and dead 
vegetation (see Fig. 2Ba and 2Bb). It remains difficult to explain the current channel incision. Three 
hypotheses may be advanced: 1) once the banks stabilized by the riparian forests, the main channel had 
was deliberately dug more deep in order to protect the village against floods. Despite the fluvial 
metamorphosis and even the channel incision, the specific stream power remained high (~55 W/m²), 
characteristic for a wandering pattern. This shows that the local constraints easily influence the depth and 
the width of the channel, which confirms that these parameters are susceptible to adjust on a short scale of 
time [47, 48]. The specific stream power is less disturbed by external interventions as it depends on the 
gradient, which changes over a longer period of time [47, 48]. This example confirms also the results 
obtain by the Romanian national typology [15], which defines a moderate ecological state for Moara 
 
4.2. Limits and perspectives of the hydromorphological typology 
In our paper the channel stability is expressed by: hydraulic geometry relations between the depth and 
the width of the channel, transport competence, channel pattern and specific stream power. These 
parameters are assembled in order to distinguish several channel types and to show the regional 
 The similarities are imposed by the physiographic units 
(i.e. Carpathians, Sub-Carpathians, piedmont and lowland sub-units of the Romanian plain) and the 
differences are due to various local constraints.  
The results must be cautiously interpreted, because of the uncertainties in bankfull stage demarcation: 
vegetation state and human pressures. The vegetation state depends on the hydrologic stage existing at the 
moment of the cross profiles measurement. They are surveyed especially after flood events, when 
vegetation state is altered. Nevertheless, these tasks have to be done by BIBWA as quickly as possible in 
the extension of the intermediate floodplain, which operates at lower floods, characterized by a higher 
probability of occurrence [49]. Thus, for some gauging stations, the channel delimited at bankfull stage 
may also include the intermediate floodplain.  
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The demarcation of the bankfull stage is also influenced by the fact that some banks are artificial, as it 
happens at four gauging stations where concrete revetments have been put into place in order to protect 
the socio-economic facilities in the area against flood events (i.e. Moroeni and S
 These may lead to an 
overestimation of the channel at bankfull stage. Thus, the functioning of river network 
is susceptible to be affected by channel fragmentation due to various anthropogenic 
improvement structures (e.g. revetments and dams), which slacken probably its lateral and longitudinal 
connectivity. Consequently, by their position, the cross profiles taken into account are not always 
representative for channel quasi-natural dynamics, relevant for the ecological systems [50] and 
restoration/rehabilitation works demanded by the Water Framework Directive [51, 52, 53]. Comparing to 
the Romanian national typology, our method focuses on the river channels and contributes to their 
knowledge. Comparing to other channel typologies, our method revels the difficulty to compute hydraulic 
geometry parameters and to understand the results in heterogeneous and anthropogenic study areas like 
 watersheds. In conclusion, the typology has to be perceived as a preliminary step in 
hydromorphological analysis. Their results must be interpreted as several case studies. Therefore, 
especially for anthropogenic study areas, the analysis of hydromorphological features necessary to reach a 
good ecological state of the rivers needs to rely also on historical studies going back to a moment prior to 
significant human interventions.  
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